APPARATUS FOR OPENING AND CLOSING A WING DOOR OF A TRUCK 

OR THE LIKE 



BACKGROUND OF THE INVENTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is based on International Application No. 

PCT/JP02/00223, filed on Jan. 16, 2002, incorporated herein by reference. 
This PCT application claims priority of Japanese Patent Application Nos. 
JP-2001-015098 filed on Jan. 23, 2001, as well as JP-2001-355252 filed on 
Nov. 20, 2001, both of which are incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] This invention relates to a wing door opening/closing 

apparatus and, more particularly, to a wing door opening/closing apparatus 
for a truck or the like. U.S. Patent No. 6,554,346, which issued on April 29, 
2003, discloses an Apparatus for Opening and Closing Wing Door of Truck. 
This patent is incorporated by reference as it fully set forth herein. 

BACKGROUND ART 
[0003] Up to now, a hydraulic cylinder or a motor has been used as 

a driving apparatus for opening/closing a wing door. 

OBJECT OF THE INVENTION 
[0004] However, if a hydraulic cylinder or a motor is used as a driving 
apparatus for opening/closing a wing door, in general, is used, piping, 



wiring or power supply is needed for driving the hydraulic cylinder or motor. 
This poses a problem that, since the mechanism for opening/closing the 
wing door becomes bulky in size, extremely labor-consuming maintenance 
operations are needed, and that, should the driving apparatus be in 
disorder, extremely labor-consuming repair operations are also needed. 
[0005] It is an object of the present invention to provide an apparatus 
for opening/closing a wing door, which makes use of a spring and a link 
mechanism, which is simplified in structure and which scarcely needs any 
maintenance operations. It is another object of the present invention to 
provide an apparatus for opening/closing a wing door, which is able to apply 
a necessary and sufficient moment to the wing door depending on the angle 
of rotation of the wing door. 

[0006] For accomplishing the above objects, the present invention 
provides an apparatus for opening/closing a wing door which is constituted 
by combining a plurality of wing door opening/closing devices having 
respective different moment characteristics representing the relation 
between the angle of rotation of the wing door and a moment generated by 
the wing door opening/closing devices. 

[0007] In another aspect, the present invention provides a wing door 

opening/closing apparatus for swinging up a wing door pivotally mounted to 
a vehicle body of a truck or the like in the vicinity of a roof portion of a 
cargo box provided to the vehicle body so that the wing door overlies the 
roof portion and lateral sides of the cargo box, wherein the wing door 
opening/closing apparatus is formed by combining a plurality of wing door 
opening/closing devices having respective different moment characteristics 
representing the relationship between a moment caused by the weight of 
the wing door being rotated and moments generated by the respective wing 



door opening/closing devices. At least one of the wing door opening/closing 
devices includes a spring for generating the biasing force for swinging up 
the wing door and a link mechanism for transmitting the biasing force of 
the spring to the wing door. 

[0008] In still another aspect, the present invention provides a wing 
door opening/closing apparatus for swinging up a wing door pivotally 
mounted to a vehicle body of a truck or the like in the vicinity of a roof 
portion of a cargo box provided to the vehicle body so that the wing door 
overlies the roof portion and lateral sides of the cargo box, wherein the 
wing door opening/closing apparatus is made up by a plurality of wing door 
opening/closing devices, the disparity of a moment produced by one of the 
wing door opening/closing devices with respect to a moment caused by the 
weight of the wing door being rotated is compensated by a moment 
generated by the remaining one of the wing door opening/closing devices 
and wherein at least one of the wing door opening/closing devices includes a 
spring for generating a biasing force for swinging up the wing door and a 
link mechanism for transmitting the biasing force of the spring to the wing 
door. 

[0009] According to the present invention, such a wing door 
opening/closing apparatus may be provided which is simplified in structure 
by making use of a spring and a link mechanism so that maintenance is. 
substantially not necessary. Moreover, such a wing door opening/closing 
apparatus may be provided in which, by combining plural wing door 
opening/closing devices having respective different moment characteristics, 
the sum moment substantially balanced with respect to the weight moment 
of the wing door at an optional rotational angle of the wing door may be 
output despite the simplified structure of the respective wing door 
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opening/closing devices. 

[0010] According to the present invention, such a wing door 
opening/closing apparatus may be provided which is substantially 
maintenance-free and has a simplified structure comprised of a spring and 
a link mechanism and also such a wing door opening/closing apparatus 
which is able to apply sufficient and necessary moment to the wing door 
depending on the angle of rotation of the wing door. 

[0011] In addition, at least one of plural wing door opening/closing 
devices, making up the wing door opening/closing apparatus, has a link 
mechanism and a spring, so that the biasing force of the spring may be 
boosted and transmitted to the wing door to develop a large moment for 
swinging-up the wing door. , 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The benefits and advantages of the present invention will 

become more readily apparent to those of ordinary skill in the relevant art 
after reviewing the following detailed description and accompanying 
drawings, wherein- 

[0013] Fig.l is a perspective view showing a truck to which the wing 
door opening/closing apparatus of the present invention is applied. 
[0014] Fig. 2 illustrates the structure of a cargo box frame provided to 
the truck shown in Fig.l. 

[0015] Fig.3 is a graph for illustrating moment characteristics of the 
wing door opening/closing apparatus according to an embodiment of the 
present invention. 
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[0016] Fig. 4 is a plan view of a wing door opening/closing apparatus 
according to an embodiment of the present invention. 

[0017] Fig. 5 is a front view of a first wing door opening/closing device 
A contained in the wing door opening/closing apparatus shown in Fig. 4. 
[0018] Fig. 6 shows the operation of the first wing door opening/closing 
device A shown in Fig. 5. 

[0019] Fig. 7 is a front view of a second wing door opening/closing 
device B contained in the wing door opening/closing apparatus shown in 
Fig.4. 

[0020] Fig. 8 shows the operation of the second wing door 
opening/closing device B shown in Fig. 7. 

[0021] Fig. 9 is a front view of a first wing door opening/closing device 
A contained in the wing door opening/closing apparatus according to a 
second embodiment of the present invention. 

[0022] Fig. 10 shows the operation of the first wing door 
opening/closing device shown in Fig. 9. 

[0023] Fig. 11 is a plan view of a wing door opening/closing apparatus 
according to a third embodiment of the present invention. 
[0024] Fig. 12 is a front view of the first wing door opening/closing 
device A contained in the wing door opening/closing apparatus shown in 
Fig. 11. 

[0025] Fig. 13 shows the operation of the first wing door 
opening/closing device A shown in Fig. 11. 

[0026] Fig. 14 is a front view of the first wing door opening/closing 
device A contained in the wing door opening/closing apparatus shown in 
Fig.ll. 

[0027] Fig. 15 shows the operation of the first wing door 
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opening/closing device B shown in Fig. 14. 

[0028] Fig. 16 is a plan view of the second wing door opening/closing 
device according to a fourth embodiment of the present invention. 
[0029] Fig. 17 is a front view of the second wing door opening/closing 
device B contained in the wing door opening/closing apparatus shown in 
Fig. 16. 

[0030] Fig. 18 shows the operation of the second wing door 
opening/closing device B shown in Fig. 17. 

[0031] Fig. 19 is a front view of the second wing door opening/closing 
device B contained in the wing door opening/closing apparatus according to 
a fifth embodiment of the present invention.. 

[0032] Fig. 20 shows the operation of the second wing door 
opening/closing device B shown in Fig. 19. 

[0033] Fig. 21 is a plan view of a wing door opening/closing apparatus 

according to a sixth embodiment of the present invention. 

[0034] Fig. 22 is a front view of a second wing door opening/closing 

device C contained in the wing door opening/closing apparatus shown in 

Fig.21. 

[0035] Fig.23 shows the operation of the second wing door 
opening/closing device C shown in Fig.22. 

[0036] Figs. 24(A) and 24(B) show details of a second spring member 
shown in Fig.21, with Figs. 24(A), 24(B) being a front view and a plan view, 
respectively. 

[0037] Fig. 25 is a front view of the second wing door opening/closing 
device C contained in the wing door opening/closing apparatus according to 

a seventh embodiment of the present invention. . 

i 

[0038] Fig.26 shows the operation of the second wing door 
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opening/closing device C shown in Fig.22. 

[0039] Figs. 27(A) and 27(B) show details of a second spring member 
shown in Fig. 21, with Figs. 24(A), 24(B) being a front view and a plan view, 
respectively. 

[0040] Fig. 28 is a front view of the second wing door opening/closing 
device D contained in the wing door opening/closing apparatus according to 
a seventh embodiment of the present invention. 

[0041] Figs. 29 (A) and 29(B) show details of a torsion coil spring 
shown in Fig. 28, with Figs. 29(A), 29(B) showing the state of initial 
compression and interposition and the state of operation termination, 
respectively. 

[0042] Fig.30 is a front view of a wing door opening/closing apparatus 

according to a ninth embodiment of the present invention. 

[0043] Fig. 31 is a side view of the wing door opening/closing apparatus 

according to the ninth embodiment of the present invention. 

[0044] Fig. 32 shows the operation of the wing door opening/closing 

apparatus shown in Fig.30. 

DETAILED DESCRIPTION OF THE INVENTION 
[0045] It should be further understood that the title of this section of 
this specification, namely, "Detailed Description of the Invention", relates 
to a requirement of the United States Patent Office, and does not imply, nor 
should it be inferred to limit the subject matter disclosed herein. 
[0046] In the present disclosure, the words "a" or "an" are to be taken 
to include both the singular and the plural. Conversely, any reference to 
plural items shall, where appropriate, include the singular. 
[0047] For accomplishing the above objects, the present invention 



provides an apparatus for opening/closing a wing door which is constituted 
by combining a plurality of wing door opening/closing devices having 
respective different moment characteristics representing the relation 
between the angle of rotation of the wing door and a moment generated by 
the wing door opening/closing devices. 

[0048] The following is a table that lists the reference numbers used 
in the drawings. 



Table 1 


1 wing 


lb first bracket 


2 cargo box frame 


3 beam, center beam 


3a second bracket 


4 bracket (mounting 
bracket for first or 
second wing 
opening/closing devce 


5 hinge (wing hinge) 


6 pin (pin for wing 
hinge) 


8 spring 


9 link mechanism 


10 pin 


11 first link member 


12 pin 


13 second link 
member 


14 pin 


15 pin 


16 third link member 


17 pin 


18 spring rod 


19 third slider 


20 first guide 
member 


21 adjustment nut 


22 first spring 
retainer 


23 second spring 
retainer 


24 stopper 


26 link mechanism 


27 pin 


28 first link member 


29 link mechanism 


30 pin 


31 first link member 


39 link mechanism 


40 pin 


41 first link member 


42 plate (fixed plate) 


43 pin (fulcrum point 
for spring cover 44) 


44 spring cover 


45 adjustment nut 


46 first spring 
retainer 


47 second spring 
retainer 


48 stopper 


49 link mechanism 


50 pin 


51 first link member 


52 plate (fixed plate) 


53 pin (fulcrum point 
for spring cover 54) 


54 spring cover 


55 adjustment nut 


56 first spring 
retainer 


57 second spring , 
retainer 


58 stopper 


60 link mechanism 


61 pin 


62 slider 


63 second" 1 link 
member 


65 pin 


66 spring rod, second 
spring rod 
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Table 1 


d / pin 


68 spring cover 


69 first spring 
retainer 


/u spring, secona 
spring 


71 link mechanism 


/ z pin 


73 second- 1 link 
member 


74 second spring 
member 


74a casing 


1 4:D rou 


74c second spring 


75 second - 2 link 
member 


76 pin 


78 pin 


80 link mechanism 


81 second spring 
member (tension 
spring) 


81a second spring 
(tension spring) 


83 stopper 


81 second spring 
member (tension 
spring) 


81a first spring 
(tension spring) 


81b second spring 
(torsion spring) 


83 stopper 


81 spring member 


81b first connecting 
portion 


OIL ocCUIlLl 

connecting portion 


oo stopper 


yu torsion spring 


91 mounting plate 


91a cut-out 


A first wing 
opening/closing device 


B second wing 
opening/closing device 


C second wing 
opening/closing device 


D second wing 
opening/closing device 



[0049] Now, preferred modes embodying the present invention will be 
illustrated. 

[0050] In the preferred embodiment of the present invention, one of 

the plural wing door opening/closing devices having respective different 
moment characteristics is accommodated in a cargo box frame when the 
wing door is closed, with the other being mounted to outside of the cargo 
box frame in a side-byside relation to the first stated device along the 
fore-and-aft direction of the vehicle body. 

[0051] For example, a first wing door opening/closing device A is 
accommodated in the inside of a cargo box frame ("torii") 2, while a second 
wing door opening/closing device B is mounted on the outer side of the 
cargo box frame 2. This structure may be reversed. In addition, the wing 



door opening/closing device mounted on the outer side of the cargo box 
frame may be directly mounted to the cargo box frame or to the vehicle body, 
or may also be mounted indirectly through e.g., a bracket to the cargo box 
frame or to the vehicle body. 

[0052] Still alternatively, plural wing door opening/closing devices 
may be arranged side-byside within the cargo box frame. 
[0053] In another preferred embodiment of the present invention, 
plural wing door opening/closing devices may be mounted side by side or in 
adjacency to one another in the vertical direction, as shown in Figs. 30 to 32. 
In this embodiment, a larger space may be secured within the cargo box. 
[0054] In a wing door opening/closing apparatus according to a 

preferred embodiment of the present invention, the plural wing door 
opening/closing devices having the respective different moment 
characteristics include a first wing door opening/closing device 
generating a maximum moment at an angle of rotation of the wing door 
larger than an angle of rotation thereof for which the weight moment of 
the wing door is maximum, and a second wing door opening/closing device 
generating a maximum moment at an angle of rotation of the wing door 
smaller than the angle of rotation thereof for which the weight moment of 
the wing door is maximum. 

[0055] Stated differently, the wing door opening/closing apparatus is 

made up by plural wing door opening/closing devices having respective 
different moment characteristics representing the relation between the 
moment generated by the weight of the rotating wing door and the moment 
generated by the wing door opening/closing device. 

[0056] For example, referring to Fig.3, the first wing door 
opening/closing device A has moment characteristics shown by a curve A, 



- 10- 



whilst a second wing door opening/closing device B has moment 
characteristics shown by curve B, with the sum of the moment 
characteristics, indicated by a curve (A+B), which curve (A+B) is 
substantially similar to and approximately equal in the moment magnitude 
to a curve representing weight moment characteristics of a wing door. 
[0057] As a consequence, the disparity between the moment generated 
by the wing door opening/closing device A is compensated by the moment 
generated by the other wing door opening/closing device B. 
[0058] Moreover, by combining one wing door opening/closing device, 
operating throughout the entire range of rotation of the wing door, with 
another wing door opening/closing device, the range of the operation of 
which is limited, it is possible to elevate the swinging-up power acting on 
the wing door in the former half of the rotational range of the wing door. 
Alternatively, it is possible to elevate the swinging-up power acting on the 
wing door in the latter half or in an intermediate area of the rotational 
range of the wing door. 

[0059] The wing door opening/closing apparatus according to a 
preferred embodiment of the present invention includes a stopper in which, 
on opening the wing door, at least one member of the link mechanism abuts 
against a member secured or fixed to the vehicle body, at a preset wing door 
opening angle, to inhibit the operation of the link mechanism thereby to 
control the maximum opening degree of the wing door. 

[0060] In the first and second wing door opening/closing devices of the 
wing door opening/closing apparatus, according to a preferred embodiment 
of the present invention, the link mechanism is made up by one or plural 
link members, interconnected by a pin, while there is provided a guide 
member, such as slider or guide roll, for guiding the plural components or 
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the pin interconnecting the respective components. 

[0061] Preferably, the guide member is a component which is disposed 
at a fixed position to the vehicle body and which extends in a basically 
parallel direction to the spring axis direction of the spring (for example, a 
component having a guide surface or guide rail). On a point of 
interconnection (linking point or pivotal point) of the plural link members, 
a first slider or roll (such as a slider) is mounted for sliding on the guide 
member when the wing door is opened or closed. The guide member 
resistively supports the first slider as the guide member has a sliding 
contact with the first slider during wing door opening/closure to prohibit 
swinging of the spring rod. 

[0062] Also preferably, the guide member is a second slider or roll 
pivotally mounted to the vehicle body. This second slider resistively 
supports the spring rod, as it has sliding contact with the spring rod, so 
that the spring rod is not swung during the opening/closure of the wing 
door. 

[0063] Still alternatively, a friction member is provided at a site of 
connection of the link member to the wing door to cause the link member to 
have sliding contact with the wing door through the friction member. 
[0064] In another preferred embodiment of the present invention, 
shown in Figs. 5 and 7, the wing door opening/closing apparatus is made up 
by a first wing door opening/closing device A and a second wing door 
opening/closing device B. The first wing door opening/closing device A 
includes a first- 1 link member 11, pivotally connected to the inner surface 
of the wing door 1, a first'2 link member 13, pivotally mounted to the 
vehicle body 2 and pivotally connected to the first* 1 link member 11, a 
first'3 link member 16, pivotally connected to the first-2 link member 13, a 
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first* 1 spring rod 18, connected to the first-3 link member 16, a first" 1 guide 
member 20 for translating a junction point between the first-3 link member 
16 and the spring rod 18 and a first spring 8 interposed between the vehicle 
body 2 and the spring rod 18. On the other hand, the second wing door 
opening/closing device B includes a second- 1 link member 28, pivotally 
connected to the inner surface of the wing door 1, a second spring rod 18 
pivotally connected to the second- 1 link member 28, a second spring 8 
interposed between the vehicle body and the second spring rod, and a 
second- 1 guide member '20 for translating a junction point between the 
second- 1 link member 28 and the second spring rod 18. 

[0065] In a preferred embodiment of the present invention, shown in 
Figs. 7 and 9, the wing door opening/closing apparatus of the present 
invention is made up by a first wing door opening/closing device A and a 
second wing door opening/closing device B. Each of the first and second 
wing door opening/closing devices A, B includes first link members 28, 31, 
pivotally connected to the inner side of the wing door, a spring rod 18 
connected to the first link members 28, 31, respectively, a spring 8 
interposed between the vehicle body and the spring rod 18, and a guide 
member 20 for translating a junction point between the first link members 
28, 31 and the spring rod 18. In the closed position of the wing door, an 
angle defined between the direction of the spring axis of the spring 8 and 
the first link members 28, 31 is set to be smaller in the first wing door 
opening/closing device than the angle so defined in the second wing door 
opening/closing device. 

[0066] In another preferred embodiment of the present invention, 
shown in Figs. 12 and 14, the wing door opening/closing apparatus 
according to the present invention is made up by the first wing door 
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opening/closing device A and the second wing door opening/closing device B. 
Each of the first and second wing door opening/closing devices A and B is 
pivotally connected to the inner surface of the wing door, and includes first 
link members 41, 51, pivotally mounted to the vehicle body, and a spring 8 
interposed between the vehicle body and the first link members 41, 51. In 
the closed position of the wing door 1, the arm of the moment drawn down 
vertically from a fulcrum point (pin) 6 of the wing door 1 to a line segment 
interconnecting a point of connection of the spring 8 to the first link 
members 41, 51, so as to be pivoted relative to the vehicle body, and a point 
of connection (pin) 6 of the first link members 41, 51 and the wing door 1 is 
set so as to be longer in the first wing door opening/closing device than in 
the second wing door opening/closing device. 

[0067] In another preferred embodiment of the present invention, 
shown in Figs. 5, 17 and 25, the wing door opening/closing apparatus of the 
present invention is made up by the first wing door opening/closing device A 
and the second wing door opening/closing device B. The first wing door 
opening/closing device A includes a first- 1 link member 11, pivotally 
connected to the inner surface of the wing door 1, a first-2 link member 13, 
pivotally mounted to the vehicle body and pivotally connected to the first- 1 
link member 11, a first-3 link member 16, pivotally connected to the first-2 
link member 13, a first- 1 spring rod 18, connected to the first"3 link 
member 16, a first" 1 guide member 20 for translating a junction point 
between the first _ 3 link member 16 and the spring rod 18, and a first spring 
8 interposed between the vehicle body 2 and the spring rod 18. On the other 
hand, the second wing door opening/closing device B includes a second- 1 
link member 63, pivotally slidably connected to the inner side of the wing 
door and pivotally mounted to the vehicle body, a second spring rod 66, 
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connected to the second- 1 link member 63, and second springs 70, 81, 
pivotally mounted to the vehicle body and connected to the second- 1 link 
member 63, with or without interposition of the second spring rod 66. 
[0068] In another preferred embodiment of the present invention, 
shown in Fig. 5 and 21, the wing door opening/closing apparatus of the 
present invention is made up by a first wing door opening/closing device A 
and a second wing door opening/closing device C. The first wing door 
opening/closing device A includes a first- 1 link member 11, pivotally 
connected to the inner surface of the wing door 1, a first-2 link member 13, 
pivotally mounted to the vehicle body 2 and pivotally connected to the 
first- 1 link member 11, a first- 3 link member 16, pivotally connected to the 
first-2 link member 13, a first- 1 spring rod 18, connected to the first"3 link 
member 16, a first" 1 guide member 20 for translating a junction point 
between the first-3 link member 16 and the spring rod 18 and a first spring 
8 interposed between the vehicle body 2 and the spring rod 18. On the 
other hand, the second wing door opening/closing device C includes a 
second- 1 link member 73, pivotally connected to the inner surface of the 
wing door 1, a second spring member 74 connected to the second- 1 link 
member 73, a second spring 74a (see Fig.24) interposed between the vehicle 
body and the second spring member 74 for pivoting relative to the vehicle 
body and a second-2 link member 75 pivotally mounted to the vehicle body 
and connected to a junction point between the second- 1 link member 73 and 
the second spring member 74. 

[0069] In a preferred embodiment of the present invention, the wing 
door opening/closing apparatus has first and second wing door 
opening/closing devices having different operating ranges. 
[0070] In a preferred embodiment of the present invention, there is 
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provided a stopper 83 for halting the operation of at least one of the plural 
wing door opening/closing devices at the time of opening the wing door. 
With this stopper, it is possible to limit one of the plural wing door 
opening/closing devices to provide for different operating ranges of the 
plural wing door opening/closing devices. 

[0071] In a preferred embodiment of the present invention, shown in 
Fig. 19, the wing door opening/closing device B, on which acts the stopper 83, 
includes a spring 70 (see Fig. 17) for generating the driving force for 
opening/closing the wing door 1, and a link mechanism 60, pivotally 
connected to the vehicle body. The link mechanism 60 has its one end 
pivotally slidably connected to the inner side of the wing door 1, while 
having its other end connected to the spring 70, to transmit the driving 
force of the spring to the wing door 1. The portion of the link mechanism 
having a sliding contact with the inner surface of the wing door is 
separated away from the slide contact surface of the wing door 1, as 
indicated at L in Fig. 20, when the stopper 83 is actuated to halt the 
operation of the wing door opening/closing device on which acts the stopper 
(see Fig.20). 

[0072] In a preferred embodiment of the present invention, at least 

one of the plural wing door opening/closing devices includes a torsion spring 
interposed between the inner surface of the wing door and the vehicle body. 
By selecting the stroke of this torsion spring to be smaller and by selecting 
that of the other wing door opening/closing device to be longer, it is possible 
to increase the swinging- up force acting on the wing door 1 in the former 
half of the wing door rotation in opening the wing door. 

[0073] In a preferred embodiment of the present invention, in at least 
one and preferably in either of the wing door opening/closing devices, there 
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are provided a spring and a link mechanism for boosting the spring force of 
the spring to develop a larger swinging-up power. That is, with the wing 
door opening/closing apparatus according to the present invention, having 
the link mechanism, it is possible not only to hold the wing door at a preset 
angle of rotation, but also to hoist the wing door without using manual 
operations. 

[0074] In another preferred embodiment of the present invention, all 
of the plural wing door opening/closing devices are arranged in the vicinity 
or on top of the roof portion of the vehicle (see Figs. 2, 4 and 31). 
[0075] The wing door opening/closing apparatus according to the 
present invention may be used with advantage as a device for closing at 
least a portion of the lateral side and at least a portion of the roof portion of 
the vehicle body of, for example, a truck. In addition, the wing door 
opening/closing apparatus according to the present invention may also be 
used as a device for opening/closing the wing door provided to a vehicle 
other than a truck. 

[0076] The wing door opening/closing apparatus according to the 
present invention may be used with advantage as a device for 
opening/closing a wing door pivotally mounted to the vehicle body of, for 
example, a truck, in the vicinity of the roof portion of a cargo box, for 
covering the roof portion and lateral sides of the cargo box, in particular as 
a device for swinging-up and opening the wing door. When the wing door 
opening/closing apparatus of the present invention is applied to a vehicle, 
such as a truck, having the cargo box, this wing door opening/closing 
apparatus can be housed within the cargo box frame (the frame portion 
secured to or formed as one with the vehicle body). 
[0077] For further clarifying the above-described preferred 
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embodiment of the present invention, reference is had to the accompanying 
drawings for explanation of the certain preferred embodiments of the 
present invention. 

[0078] A wing door opening/closing apparatus according to a first 
embodiment of the present invention is now explained. Fig. 4 is a top plan 
view for illustrating the overall structure of the wing door opening/closing 
apparatus, preferably applied to a truck shown in Fig.l, according to the 
first embodiment of the present invention. It should be noted that Fig.4 
shows this wing door opening/closing apparatus from above, with a portion 
of the wall section of the cargo box frame 2 partially removed, as does 
Fig. 11, as later explained. 

[0079] Referring to Fig.4, the wing door opening/closing apparatus 

according to the first embodiment of the present invention includes a first 
wing door opening/closing device A, mounted between the wing door 1 and 
the vehicle body and accommodated within the cargo box frame 2, and a 
second wing door opening/closing device B mounted within a bracket 4 
provided outside the cargo box frame 2. Of these, the first wing door 
opening/closing device A is first explained. 
[0080] (First wing door opening/closing device A) 
[0081] Fig. 5 is a front view for illustrating the structure of the first 
first wing door opening/closing device A shown in Fig.4. It should be noted 
that Fig.5 shows this wing door opening/closing apparatus along a 
longitudinal direction of the vehicle, with a portion of the wall section of 
the cargo box frame 2 partially removed, as does Fig. 6, as later explained. 
[0082] Referring to Fig.5, the wing door 1 has its one lateral side 
pivotally mounted via hinge 5 to the lateral upper side of the vehicle body 
(cargo box) at an upper part of the cargo box frame in the vicinity of the 
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roof portion of the cargo box. A pin 6 of the hinge 5 operates as a fulcrum 
point of the wing door 1. The wing door 1 is bent at its lateral side which 
operates as a roof portion overlying the vehicle body or the roof portion of 
the cargo box, with the other bent side operating as a lateral side, not 
shown, covering the lateral side of the vehicle body or the cargo box. 
[0083] The first wing door opening/closing device A includes a spring 8 
arranged on the top of the cargo box frame 2 and having its lateral side 
carried by the vehicle body or by the cargo box frame 2 for generating the 
force of biasing the wing door 1 into rotation, and a link mechanism 9 for 
transmitting the biasing force of the spring 8 to the wing door 1. 
[0084] In the link mechanism 9, a first link member 11 is pivotally 
connected to the inner lateral side of the wing door 1 via pin 10. A second 
link member 13 is pivotally connected to the first link member 11 via pin 12. 
The second link member 13 is pivotally mounted to the vehicle body via pin 
14. A third link member 16 is pivotally connected to the second link 
member 13 via pin 15. A spring rod 18 is connected to the third link 
member 16 via pin 17. A first slider 19 is pivotally mounted by pin 17. a 
first guide member 20 (lower guide member) is secured on the vehicle body. 
During rotation of the wing door, the first slider 19 is guided for translation 
along the axis of the spring rod 18 (the axis of the spring 8) by the first 
guide member 20. 

[0085] An adjustment nut 21 for adjusting the initial spring length is 
threadedly engaged with the spring rod 18. A first spring retainer 22 is 
carried by the adjustment nut 21. A second spring retainer 23 is secured to 
the vehicle body. The aforementioned spring 8 is interposed under 
compression between the first spring retainer 22 and the second spring 
retainer. 
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[0086] A stopper 24 is provided to the vehicle body for facing the end 
of the second link member 13 along its pivoting direction. 
[0087] (Second wing door opening/closing device B) 
[0088] Fig.7 is a front view for illustrating the structure of the second 
wing door opening/closing device B shown in Fig. 4. Referring to Fig.7, the 
second wing door opening/closing device B similarly includes a spring 8 
having its side carried by the vehicle body or by the cargo box frame 2 for 
generating the biasing force for rotating the wing door 1 and a link 
mechanism 26 for transmitting the biasing force of the spring 8 to the wing 
door 1. 

[0089] In the link mechanism 26, the first link member 28 is pivotally 
connected via pin 27 to the inner side of the wing door 1 via pin 27. The 
spring rod 18 is connected via pin 17 to the first link member 28. The first 
slider 19 is pivotally mounted on the pin 17. The first guide member 20 
(upper guide member) is secured to the vehicle body. During rotation of the 
wing door, the first slider 19 is guided for translation by the first guide 
member 20 along the axis of the spring rod 18 (direction of the spring axis 
of the spring 8). 

[0090] The adjustment nut 21 for adjusting the initial spring length is 
threadedly engaged with the spring rod 18. The first spring retainer 22 is 
carried by the adjustment nut 21. The second spring retainer 23 is secured 
to the vehicle body. The aforementioned spring 8 is interposed under 
compression between the first spring retainer 22 and the second spring 
retainer. 

[0091] Referring to Fig. 5, showing the closed state of the wing door 1 
(first wing door opening/closing device A), to Fig.7 (second wing door 
opening/closing device B) and to Figs. 6 and 8 showing its opened state (first 
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wing door opening/closing device A and second wing door opening/closing 
device B), the operation of the above-described first wing door 
opening/closing device A according to the first embodiment is now 
explained. 

[0092] When the operator unlocks the wing door 1, to cause rotation of 
the wing door 1, the springs 8, 8 are stretched, in the first wing door 
opening/closing device A and in the second wing door opening/closing device 
B, towards left in Figs. 5 and 7, respectively. Since the direction of 
movement of the first slider 19 is controlled to be along the spring axis 
direction, by the second guide members 20, 20, the spring rods 18, 18 are 
also translated towards left in Fig. 5, 7, respectively. As a consequence, the 
third link member 16 in the first wing door opening/closing device A and 
the first link member 28 in the second wing door opening/closing device B 
are swung in the clockwise direction as the overall system is translated 
towards left in Figs. 5 and 7. 

[0093] In this manner, the second link member 13 in the first wing 
door opening/closing device A is swung in the clockwise direction in Fig. 5, 
while the first link memberll is uplifted, such that the force operating in 
the opening direction is transmitted to the wing door 1. In the second 
wing door opening/closing device B, the first link member 28 is swung in 
the clockwise direction in Fig. 7, whereby the force operating in the opening 
direction is transmitted to the wing door 1. By the resultant force of 
moment generated by the first wing door opening/closing device A and by 
the second wing door opening/closing device B, the wing door 1 is rotated in 
its opening direction. 

[0094] It should be noted that moment characteristics of the first wing 
door opening/closing device A differ from those of the second wing door 
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opening/closing device B. That is, the first wing door opening/closing 
device A is arranged for generating the maximum moment at an angle of 
rotation smaller than an angle of rotation of the wing door 1 which gives 
the maximum weight moment of the wing door 1, while the second wing 
door opening/closing device B is arranged for generating the maximum 
moment at an angle of rotation larger than the angle of rotation of the wing 
door 1 which gives the maximum weight moment of the wing door 1. By 
this structure, a "curve showing the relation between the angle of rotation 
of the wing door 1 and the moment of the resultant force generated by the 
first wing door opening/closing device A and the second wing door 
opening/closing device B" may be made substantially coincident with a 
"curve showing the relation between the angle of rotation of the wing door 1 
and the weight moment thereof insofar as the magnitude of the moment 
and the curve shape. As a consequence, the wing door 1 is hoisted 
(swung-up) smoothly, without acute acceleration or deceleration at an 
optional angle of rotation of the wing door 1. 

[0095] The reason the first wing door opening/closing device A (see 
Figs. 5 and 6) has moment characteristics shown by curve A in Fig. 3 and the 
second wing door opening/closing device B (see Figs. 7 and 8) has moment 
characteristics shown by curve B in Fig. 3, is now explained. 
[0096] That is, with the first wing door opening/closing device A, the 
angle between the axial direction of the spring 8 and the link mechanism 9, 
above all the third link member 16 connected to the spring rod 18, is closer 
to 180° , so that the majority of the force generated by the spring 8 
operates as the force to swing (rotate) the second link member 13 from the 
initial stage of the range of the rotational angle of the wing door 1. As a 
consequence, the first wing door opening/closing device A causes a large 
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moment to act on the wing door 1 in the initial stage of rotation of the wing 
door 1. 

[0097] On the other hand, with the second wing door opening/closing 

device B, the angle between the axial direction of the spring 8 and the link 
mechanism 26, above all the first link member 28 connected to the spring 
rod 18, is larger, so that the majority of the force generated by the spring 8 
operates as the force of straightening the link mechanism 26 (spring rod 18 
and the link member 28) at the initial stage of the range of the rotational 
angle of the wing door 1. As a consequence, the second wing door 
opening/closing device B causes a large moment to act on the wing door 1 in 
the latter stage of rotation of the wing door 1. 

[0098] Moreover, when the wing door 1 has been rotated up to a preset 

angle, the end of the second link member 53 shown in Fig.6 abuts against 
the stopper 24, while the first slider 19 shown in Fig. 8 abuts against an 
outer lateral surface of the second spring retainer 23, thus inhibiting 
further rotation of the wing door 1 to define (limit) the maximum opening 
angle of the wing door 1. 

[0099] The wing door opening/closing device in the second embodiment 

of the present invention is now explained. The present second embodiment 
is a modification of the above-described first embodiment. Specifically, the 
first wing door opening/closing device A has been changed from the device 
shown in Fig.5 to the device shown in Fig. 9. Fig. 10 shows the operation of 
the first wing door opening/closing device A shown in Fig.9. 
[00100] Referring to Fig.9, the first wing door opening/closing device A 
includes a spring 8 having its one side carried by the vehicle body or by the 
cargo box frame 2 and adapted for generating the force of biasing the wing 
door 1 into rotation, and a link mechanism 29 for transmitting the biasing 
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force of the spring 8 to the wing door 1. 

[00101] In the link mechanism 29, a first link member 31 is pivotally 
connected to the inner lateral side of the wing door 1 via pin 30. The 
spring rod 18 is connected to the first link member 31 via pin 17. The first 
slider 19 is pivotally mounted on the pin 17. The first guide member 20 
(upper guide plate) is secured to the vehicle body. During rotation of the 
wing door, the first slider 19 is guided for performing a translational 
movement along the axis of the spring rod 18 (the axis of the spring 8) by 
the first guide member 20. 

[00102] An adjustment nut 21 for adjusting the initial spring length is 
threadedly engaged with the spring rod 18. A first spring retainer 22 is 
carried by the adjustment nut 21. A second spring retainer 23 is secured 
to the vehicle body. The aforementioned spring 8 is interposed under 
compression between the first spring retainer 22 and the second spring 
I retainer. 

[00103] This first wing door opening/closing device A (see Figs. 9 and 10) 
has moment characteristics similar to those of the first wing door 
opening/closing device A shown in Figs. 5 and 6 (see Fig.3). Thus, if the first 
wing door opening/closing device A is combined with the second wing door 
opening/closing device B shown in Figs. 7 and 8, the wing door 
opening/closing apparatus of the second embodiment operates similarly to 
the wing door opening/closing device of the first embodiment described 
above. 

[0100] The reason the first wing door opening/closing device A (see 
Figs. 9 and 10) has moment characteristics indicated by a curve A in Fig.3 is 
now explained. 

[0101] That is, in the first wing door opening/closing device A, the 
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angle between the axial direction of the spring 8 and the link mechanism 29, 
above all the fist link member 31 connected to the spring rod 18, is smaller 
at the initial position shown in Fig. 9, that is smaller than the angle 
between the spring rod 18 shown in Fig. 7 and the first link member 28. 
Thus, the majority of the force generated by the spring 8 operates as the 
force of pivoting the first link member 31 from the initial stage of rotation, 
that is, from a beginning portion of the range of the rotational angle of the 
wing door 1. As a consequence, the first wing door opening/closing device A 
causes a large moment to operate on the wing door 1 at the initial stage of 
rotation of the wing door 1. 

[0102] Moreover, when the wing door 1 has been rotated up to a preset 

angle, the first sliders 19, 19 shown in Figs. 8 and 9 abut against one outer 
lateral surfaces of the second spring retainers 23, 23, thus inhibiting 
further rotation of the wing door 1 to prescribe the maximum opening angle 
of the wing door 1. 

[0103] The wing door opening/closing apparatus according to a third 

embodiment of the present invention is now explained. Fig. 11 is a top plan 
view showing the overall structure of the wing door opening/closing 
apparatus according to the third embodiment of the present invention. 
[0104] Referring to Fig. 11, the wing door opening/closing apparatus 
according to the third embodiment of the present invention includes a 
second wing door opening/closing device B, mounted between the wing door 
1 and the vehicle body and accommodated within the cargo box frame 2, 
and a first wing door opening/closing device A mounted within a bracket 4 
provided outside the cargo box frame 2. Of these, the first wing door 
opening/closing device A is first explained. 
[0105] (First wing door opening/closing device A) 



- 25- 



[0106] Fig. 12 is a front view for illustrating the structure of the first 
wing door opening/closing device A shown in Fig. 11, and Fig. 13 illustrates 
the operation for Fig. 12. Referring to Figs. 12 and 13, the first wing door 
opening/closing device A includes a spring 8 having its one side retained by 
the vehicle body or the cargo box frame 2 and adapted for generating the 
force of biasing the wing door 1 into rotation, and a link mechanism 49 for 
transmitting the biasing force of the spring 8 to the wing door 1. 
[0107] In the link mechanism 49, a first link member 51 in the form of 
a straight-shaped rod is pivotally connected via pin 50 to the inner side of 
the wing door 1. Within the cargo box frame 2, a plate (bracket) 52 is 
secured to the vehicle body. A spring cover 54 is pivotally mounted via pin 
53 to the plate 52. Within the spring cover 54, there is accommodated the 
spring 8, while there is also inserted the first link member 51. An 
adjustment nut 55 for adjusting the initial spring length is threadedly 
engaged with the first link member 51. A first spring retainer 56 is 
carried by the adjustment nut 55. A second spring retainer 57 is formed 
on one inner side of the spring cover 54. The aforementioned spring 8 is 
interposed under compression between the first spring retainer 56 and the 
second spring retainer 57. 

[0108] A stopper 58 is provided to the first link member 51 for facing 

one outer side of the spring cover 54. 

[0109] (Second wing door opening/closing device B) 

[0110] Fig. 14 is a front view for illustrating the structure of the 

second wing door opening/closing device B shown in Fig. 11. Fig. 15 

illustrates the operation for Fig. 14. Referring to Figs. 14 andlS, the second 

wing door opening/closing device B includes a spring 8 arranged on the top 

of the cargo box frame 2 and having its lateral side carried by the vehicle 
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body or by the cargo box frame 2 for generating the force of biasing the 
wing door 1 into rotation, and a link mechanism 39 for transmitting the 
biasing force of the spring 8 to the wing door 1. 

[0111] In the link mechanism 39, a first link member 11 having an 
arcuate portion is pivotally connected via pin 40 to the inner side of the 
wing door 1. Within the cargo box frame 2, a plate (bracket) 42 is secured to 
the vehicle body. A spring cover 44 is pivotally mounted to the plate 42 via 
pin 43. Within the spring cover 54, there is accommodated the spring 8, 
while there is also inserted the first link member 41. An adjustment nut 45 
for adjusting the initial spring length is threadedly engaged with the first 
link member 41. A first spring retainer 46 is carried by the adjustment 
nut 45. A second spring retainer 47 is formed on one inner side of the 
spring cover 44. The aforementioned spring 8 is interposed under 
compression between the first spring retainer 46 and the second spring 
retainer 47. 

[0112] A stopper 48 is provided to the first link member 41 for facing 
one outer side of the spring cover 44. 

[0113] In the wing door opening/closing apparatus according to the 

above-described third embodiment, the first wing door opening/closing 
device A, shown in Figs. 12 and 13, operates similarly to the first wing door 
opening/closing device A, according to the first embodiment, shown in 
Figs. 5 and 6, while the second wing door opening/closing device B, shown in 
Figs. 14 and 15, operates similarly to the second wing door opening/closing 
device B, according to the first embodiment, shown in Figs. 7 and 8. 
[0114] The reason the first wing door opening/closing device A (shown 

in Figs. 12 and 13) has moment characteristics as shown by curve A in Fig. 3, 
while the second wing door opening/closing device B (shown in Figs. 14 and 
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15) has moment characteristics as shown by curve B in Fig. 3, is now 
explained. 

[0115] That is, in the first wing door opening/closing device A, the pin 
6 is spaced apart more pronouncedly from the first ink member 51 (along 
the direction of the spring axis of the spring 8) in the initial position shown 
in Fig. 12. Let the force generated by the spring 8 be F and let the length of 
a plumb line drawn from pin 6 to a line segment of the force F (line 
segment passing through the pins 53 and 50) be L. The moment M 
generated by the first wing door opening/closing device A then may be 
represented by M = FxL. In this first wing door opening/closing device A, L 
is of a longer length, at the initial position, as shown in Fig. 12, so that the 
major portion of the force generated by the spring 8 acts for rotating the 
wing door 1 as from the beginning portion of the angular extent of the wing 
door 1. The result is that the first wing door opening/closing device A 
applies a large moment to the wing door 1 at the beginning portion of the 
angular extent of the wing door 1. 

[0116] On the other hand, with the second wing door opening/closing 
device B, the angle between the axial direction of the spring 8 and the 
straight line passing through the pins 40 and 6 is smaller such that the 
axial direction is substantially aligned with the straight line through pins 
40 and 6. If the force generated by the spring 8 is F and the length of a 
normal line drawn from pin 6 to a line segment of the force F (line segment 
passing through the pins 43 and 40) is L, the moment M generated by the 
first wing door opening/closing device A then may be represented by M = 
FxL. In this second wing door opening/closing device B, L is of a shorter 
length, at the initial position, as shown in Fig. 14, so that only small 
moment is generated in the beginning portion of the rotational extent of the 
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wing door 1, while a larger moment is generated in the latter stage of the 
rotation of the wing door 1. 

[0117] Meanwhile, when the wing door 1 has been rotated up to a 
preset angle, the stopper 48 shown in Fig. 13 and the stopper shown in 
Fig. 15 abuts against one outer lateral surfaces of the spring covers 44, 54, 
thus inhibiting further rotation of the wing door 1 to prescribe the 
maximum opening angle of the wing door 1. 

[0118] The wing door opening/closing apparatus according to a fourth 
embodiment of the present invention is now explained. The wing door 
opening/closing apparatus according to the fourth embodiment is a 
combination of the first wing door opening/closing device A shown in Fig.5 
and the second wing door opening/closing device B shown in Fig. 17, in the 
horizontally juxtaposed state, as shown in Fig. 16. Fig. 18 illustrates the 
operation for the second wing door opening/closing device B shown in Fig. 17. 
It should be noted that the above-described first embodiment is to be 
referenced as to the first wing door opening/closing device A and that the 
following explanation is centered about the second wing door 
opening/closing device B shown in Fig. 17. 

[0119] Referring to Fig. 17, the second wing door opening/closing 
device B includes a second spring 70 having its one end retained by the 
vehicle body or by the cargo box frame 2 for generating the force of biasing 
the wing door 1 into rotation, and a link mechanism 60 for transmitting the 
biasing force of the second spring 70 to the wing door 1. 
[0120] The link mechanism 60 includes a second- 1 link member 63 
pivotally and slidably connected to the inner side of the wing door 1 and 
pivotally mounted to the vehicle body. A second spring rod 66 is connected 
via pin 65 to the second- 1 link member 63. 
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[0121] On a side where the second- 1 link member 63 is connected to 
the inner side of the wing door 1 is mounted a slider 62 via pin 61. A first 
spring retainer 69 is carried at an end of the second spring rod 66 via 
adjustment nut. A spring cover 68 is pivotally mounted via pin 67 to the 
vehicle body 2. The inner surface of the spring cover 68 operates as the 
second spring retainer. A second spring 70 is mounted under compression 
between the first spring retainer 69 and the inner surface of the spring 
cover 68. 

[0122] The operation of the second wing door opening/closing device B 
is now explained. Referring to Figs. 17 and 18, when the wing door 1 is 
opened, the spring 70 is stretched, with the opening of the wing door 1, so 
that the spring rod 66 is moved towards left, while being rotated clockwise, 
in Fig. 17. Thus, the second- 1 link member 63 is pivoted relative to the wing 
door 1 and to the vehicle body 2, as the second- 1 link member 63 is slid 
relative to the wing door 1, via slider 62, thus swinging up the wing door 1. 
Meanwhile, the operation which is the reverse of the above-described 
operation occurs in closing the wing door 1. 

[0123] The wing door opening/closing apparatus according to the fifth 
embodiment is now explained. The present fifth embodiment is a 
modification of the fourth embodiment and is a combination of the first 
wing door opening/closing device A shown in Fig. 5 and the second wing door 
opening/closing device B shown in Fig. 19, in the horizontally juxtaposed 
state, as shown in Fig. 16. Fig.20 illustrates the operation for the second 
wing door opening/closing device B shown in Fig. 19. It should be noted 
that the above-described first and fourth embodiments are to be referenced 

as to the first wing door opening/closing device A and as to the basic 

) 

structure of the second wing door opening/closing device B, respectively, 
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and that the following explanation is to be centered about the difference 
between the second wing door opening/closing device B shown in Fig. 17 and 
the second wing door opening/closing device B of the present embodiment. 
[0124] Referring to Fig. 19, the wing door opening/closing apparatus of 
the present embodiment includes a stopper 83 for halting the operation of 
the second wing door opening/closing device B of the plural wing door 
opening/closing devices A and B, at a preset position, during opening the 
wing door. The wing door opening/closing device B, on which acts the 
stopper 83, includes a second spring 70 (see Fig. 17), for generating the 
driving force (swinging up force) for opening/closing the wing door 1, and a 
link mechanism 60, pivotally mounted to the vehicle body 2, and having its 
one side slidably and pivotally connected to the inner side of the wing door 
1 and having its opposite side connected to the second spring 70 for 
transmitting the driving force of the second spring 70 to the wing door 1. 
The link mechanism 60 includes the second- 1 link member 63. A slider 62 
is mounted via pin 61 to one end of the second- 1 link member 63, the other 
end of which mounts a spring rod 66 through pin 65. The stopper 83 is 
adapted for abutting against the link mechanism 60 or the second- 1 link 
member 63 at a preset angle of rotation of the wing door 1 to halt further 
swinging of the link mechanism 60 or the second" 1 link member 63. 
[0125] The operation of the second wing door opening/closing device B 

is now explained. Referring to Figs. 19 and 20, if, during rotation of the 
wing door 1, the wing door 1 has reached a preset angle of rotation, the 
second- 1 link member 63 abuts against the stopper 83 to halt further 
pivoting of the second- 1 link member 63. The wing door 1 continues to be 
swung up under the driving force generated by the first wing door 
opening/closing device A shown in Fig.5. Thus, the portion of the link 
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mechanism 60 having sliding contact with the inner side of the wing door 1, 
that is the slider 62, is spaced apart by L from the slide contact surface 
with the wing door 1 when the stopper 83 is in operation and the operation 
of the wing door opening/closing device B has ceased. By this, the driving 
force generated by the second wing door opening/closing device B ceases to 
act on the wing door 1. That is, up to a preset angle of rotation (former 
half rotation) of the wing door 1, the driving force of the plural wing door 
opening/closing devices A and B act on the wing door 1 and, as from the 
preset angle of rotation (latter half rotation) of the wing door 1, the driving 
force of the sole wing door opening/closing device A acts on the wing door 1. 
Thus, by the wing door opening/closing apparatus comprising the 
combination of the first wing door opening/closing device A and the second 
wing door opening/closing device B having respective different operating 
ranges, an optimum wing door driving moment, that is an optimum 
swinging-up force, may be developed depending on the moment 
characteristics of the wing door 1. 
[0126] [Sixth Embodiment] 

[0127] The wing door opening/closing apparatus according to a sixth 
embodiment of the present invention is now explained. The wing door 
opening/closing apparatus according to the sixth embodiment is a 
combination of the first wing door opening/closing device A shown in Fig. 5 
and the second wing door opening/closing device C shown in Fig.22, in the 
horizontally juxtaposed state, as shown in Fig. 21. Fig.23 illustrates the 
operation for the first wing door opening/closing device B shown in Fig.22. 
It should be noted that the above -described first embodiment is to be 
referenced as to the first wing door opening/closing device A and that the 
following explanation is centered about the second wing door 
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opening/closing device C shown in Fig. 22. 

[0128] The second wing door opening/closing device C shown in Fig. 22, 
is now explained. 

[0129] Referring to Fig.22, the second wing door opening/closing 
device C includes a second- 1 link member 73, pivotally connected to the 
inner side of the wing door 1, a second spring member 74, connected via pin 
78 to the second- 1 link member 73, and a second-2 link member 75, 
pivotally mounted via pin 77 to the vehicle body 2 and connected via pin 78 
to a junction point between the second- 1 link member 73 and the second 
spring rod 74. That is, the second- 1 link member 73, second spring rod 74 
and the second-2 link member 75 are interconnected by the same pin 78. 
The link mechanism 71 is made up by the second-1 link member 73, second 
spring rod 74 and the second-2 link member 75. 

[0130] Referring to Figs. 22 and 24, the second spring member 74 
includes a casing 74a, connected via pin 76 to the vehicle body 2, a rod 74b 
enclosed in the casing 74a and connected via pin 78 to the second-1 link 
member 73 and a second spring 74c interposed between the casing 74a and 
the rod 74b. 

[0131] The operation of the second wing door opening/closing device C 
is now explained. Referring to Figs. 2 and 23, the second spring member 74 
is pivoted and simultaneously contracted, during opening the wing door 1, 
with swinging of the second-1 link member, as the second spring member 74 
is guided by the second-2 link member 75. The second spring 74c, so far 
compressed by this contraction, gradually expands to develop the driving 
force of swinging-up the wing door 1. Meanwhile, the operation during 
closing the wing door 1 is the reverse of the above-described operation. 
[0132] The wing door opening/closing apparatus according to a 
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seventh embodiment of the present invention is now explained. The wing 
door opening/closing apparatus according to the seventh embodiment is a 
combination of the first wing door opening/closing device A shown in Fig. 5 
and a second wing door opening/closing device C shown in Fig. 25, in the 
horizontally juxtaposed state, as in the case shown in Fig. 21. Fig. 26 
illustrates the operation for the first wing door opening/closing device C 
shown in Fig. 26. It should be noted that the above-described first 
embodiment is to be referenced as to the first wing door opening/closing 
device A and that the following explanation is centered about the second 
wing door opening/closing device C shown in Fig. 25. 

[0133] Referring to Fig.25, the wing door opening/closing apparatus of 
the present embodiment includes a stopper 83 for halting the operation of 
the second wing door opening/closing device C of the plural wing door 
opening/closing devices A and C, at a preset position, when opening the 
wing door. The wing door opening/closing device C, on which acts the 
stopper 83, includes a second spring member (tension spring) 81 for 
generating the driving force for opening/closing the wing door 1, and a 
link mechanism 80, pivotally mounted to the vehicle body 2, and having its 
one side slidably and pivotally connected (abutted) to the inner side of the 
wing door 1 and having its opposite side connected (linked) to the second 
spring member 81 for transmitting the driving force of the second spring 
member 81 to the wing door 1. 

[0134] Figs.27A and 27B are detailed views showing the spring 
member shown in Fig.25. Referring to Figs.27A and 27B, the second 
spring member 81 includes a second spring (tension spring) 81a, a first 
connecting portion 81b for retaining one end of the second spring 81a on a 
pin 65 on the second- 1 link member 63, and a second connecting portion 81c 
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for pivotally mounting the opposite end of the spring 81a to the vehicle 
body 2. 

[0135] The link mechanism 80 includes a second- 1 link member 63, to 
one end of which is mounted the slider 62 via pin 61 and to the opposite end 
of which a second spring member 81 is mounted via pin 65. 
[0136] The stopper 83 is mounted to the vehicle body 2 and abuts 
against the link mechanism 60 or the second - 1 link member 63 at a preset 
rotational angle of the wing door 1 to halt further pivoting of the second- 1 
link member 63. 

[0137] The portion of the link mechanism 60 having sliding contact 

with the inner side of the wing door 1, that is the slider 60, is spaced apart 
at L (see Fig.26) from the slide contact surface with the wing door 1 when 
the stopper 83 is in operation and the operation of the wing door 
opening/closing device B has ceased. 

[0138] The operation of the second wing door opening/closing device C 
is now explained. Referring to Figs. 25 and 26, when the wing door has 
reached a preset angle of rotation, during opening the wing door, the 
second- 1 link member 63, which has swung in the clockwise direction in 
Fig.25 as a result of expansion of the second spring member 81 abuts 
against the stopper 83 to halt further rotation of the second- 1 link member 
63. The wing door 1 continues to be swung under the driving force 
generated by the first wing door opening/closing device A shown in Fig. 5. 
Thus, the portion of the link mechanism 60 having sliding contact with the 
inner side of the wing door 1, that is the slider 62, is spaced apart by L from 
the slide contact surface with the wing door 1 when the stopper 83 is in 
operation and the operation of the wing door opening/closing device C has 
ceased. By this, the driving force generated by the second wing door 
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opening/closing device C ceases to act on the wing door 1. That is, up to a 
preset angle of rotation (former half rotation) of the wing door 1, the 
driving force of the plural wing door opening/closing devices A and B acts on 
the wing door 1 and, as from the preset angle of rotation (latter half 
rotation) of the wing door 1, the driving force of the sole wing door 
opening/closing device A acts on the wing door 1. Thus, by the wing door 
opening/closing apparatus comprising the combination of the first wing 
door opening/closing device A and the second wing door opening/closing 
device B having respective different operating ranges, an optimum wing 
door driving moment, that is an optimum swinging-up force, may be 
developed depending on the moment characteristics of the wing door 1. 
[0139] The wing door opening/closing apparatus according to an 
eighth embodiment of the present invention is now explained. The wing 
door opening/closing apparatus according to the eighth embodiment is a 
combination of the first wing door opening/closing device A shown in Fig. 5 
and a second wing door opening/closing device D shown in Fig. 17, in the 
horizontally juxtaposed state, as shown in Fig. 21. Figs.29A and 29B are 
detailed views of a torsion spring 90 shown in Fig. 28. It should be noted 
that the above-described first embodiment is to be referenced as to the first 
wing door opening/closing device A and that the following explanation is 
centered about the second wing door opening/closing device D shown in 
Fig.28. 

[0140] Referring to Fig.28, the second wing door opening/closing 
device D of the present embodiment includes a wing door 1, pivotally 
mounted to the vehicle body via pin 6 of hinge 5, a first bracket lb mounted 
to the inner side of the wing door 1, a second bracket 3a mounted to the 
lateral surface of a center beam 3 secured to the vehicle body 2, and a 
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torsion spring 90 mounted under compression between the first bracket lb 
and the second bracket 3a (between the wing door 1 and the vehicle body 2), 
as shown in Fig.29A. 

[0141] The operation of the second wing door opening/closing device D 
is now explained. During opening the wing door 1, since the stroke of the 
torsion coil spring 90 is at a small state, the second wing door 
opening/closing device D applies a swinging-up force to the wing door 1 
during the initial stage of the opening of the wing door 1. If, at a preset 
rotational angle of the wing door 1, the torsion coil spring 90 reaches the 
state shown in Fig.29B (i.e., a larger stroke), the second wing door 
opening/closing device D ceases to exert the swinging-up force to the wing 
door 1. Subsequently, the wing door 1 continues to be swung by the first 
wing door opening/closing device A. Thus, with the present embodiment of 
the wing door opening/closing apparatus, a larger swinging up force may be 
developed during the early stage of the opening of the wing door 1. 
Meanwhile, the torsion spring 90 of the present embodiment may be 
replaced by springs of other types, such as rod-shaped torsion bar. 
[0142] The wing door opening/closing apparatus according to a ninth 
embodiment of the present invention is now explained. The wing door 
opening/closing apparatus according to this ninth embodiment comprises a 
first wing door opening/closing device A basically having the structure 
shown in Fig. 5 and a second wing door opening/closing device B basically 
having the structure shown in Fig. 19, with the wing door opening/closing 
devices A and B being vertically juxtaposed to each other, as shown in 
Figs. 30 to 32. In the present embodiment, the above -described first and 
fifth embodiments should be referenced as to the basic structures of the 
first wing door opening/closing device A and the second wing door 
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opening/closing device B, respectively, and the following description is 
centered about the point of difference of the present embodiment from the 
fifth embodiment described above. 

[0143] The above-described fifth embodiment of the wing door 
opening/closing apparatus is a combination of the first wing door 
opening/closing device A shown in Fig.5 and the second wing door 
opening/closing device B shown in Fig. 19, in the horizontally juxtaposed or 
side-by-side state, as shown in Fig. 16. 

[0144] In the present embodiment of the wing door opening/closing 

apparatus, the first wing door opening/closing device A and the second wing 
door opening/closing device B are juxtaposed or arranged side-byside along 
the vertical direction, as shown in Figs. 30 to 32. 

[0145] Referring more specifically to Figs. 30 to 32, the hinge pins 5 
and 6 of the wing door 1 are provided at the positions higher than those 
shown in Figs. 5 and 6. On top of the first wing door opening/closing device 
A, there is arranged a mounting plate 91 secured to the vehicle body 2. At 
a preset location in the mounting plate 91 is formed a cut-out 91a for 
allowing the swinging of the first- 1 link member 11 provided to the first 
wing door opening/closing device A. The length of the first- 1 link member 11 
is designed to be longer than that of the first link member 11 of Fig.5 for 
arranging the second wing door opening/closing device B above the first 
wing door opening/closing device A. The length of the second- 1 link 
member 63 provided to the second wing door opening/closing device B is 
also designed to be longer than that of the second- 1 link member 63 shown 
in Fig. 19. 

[0146] The wing door opening/closing apparatus of the present 
embodiment operates similarly to the wing door opening/closing apparatus 
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of the above-described fifth embodiment. Moreover, in the present 
embodiment of the wing door opening/closing apparatus, in which the 
plural wing door opening/closing devices A, B are arranged side-byside 
along the vertical direction, it is possible to provide a larger capacity for the 
cargo box. 

[0147] It should be noted that other objects, features and aspects of 
the present invention will become apparent in the entire disclosure and 
that modifications may be done without departing the gist and scope of the 
present invention as disclosed herein and claimed as appended herewith. 
[0148] Also it should be noted that any combination of the disclosed 
and/or claimed elements, matters and/or items may fall under the 
modifications aforementioned. 
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